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Abstract. Assessment of the development ability of oocytes following vitrification and 
thawing is an important step for the optimization of “in vitro” fertilization techniques. The classic “in 
vitro” fertilization of vitrified-thawed oocytes in mice is often inefficient because of incomplete 
capacitation of spermatozoa in the absence of surrounding cumulus cells. The aim of this study was to 
compare the fertilization and embryo development efficiency of vitrified-thawed oocytes assessed by 
two modern “in vitro” fertilization methods: Intracytoplasmic sperm injection (ICSI) and laser assisted 
IVF (ZD-IVF) and to overcome the incomplete capacitation of spermatozoa and the zona pellucida 
hardening following vitrification. A total of 110 oocytes, obtained from superovulated B6D2F1 
females were vitrified using the OPS method and subsequently warmed on a later date. Surviving 
oocytes (n=96, 87.3%) were randomly allocated for fertilization by ICSI (n=56, group 1) or laser 
assisted IVF (n=60, group 2) using fresh spermatozoa from CD1 stud males.  
Fertilization was achieved in 37 (66%) of the oocytes from group 1 and 38 (63%) from group 
2. The developmental rate of 4 cells stage embryos, morulae and blastocysts (36±60%, 35±58.5%, 
19±53%) in the first group was similar comparing with the second group (34±60.7%, 32±57.1%, 
28±50%). We conclude that the fertilization and embryo development efficiency of vitrified-thawed 
oocytes can be enhanced significantly using ICSI or Laser Assisted IVF. These data also suggest that 
by using one of these methods we can overcome the incomplete capacitation of spermatozoa and the 
zona pellucida hardening following vitrification. 
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INTRODUCTION 
 
Cryopreservation of oocytes, which is an interesting procedure to conserve female 
gametes, is an essential part of reproductive biotechnology. One of the current potential 
problems with mammalian oocyte freezing is the induction of a primary activation event, zona 
hardening, which significantly inhibits IVF (Matson et al., 1997) and may affect subsequent 
implantation. Zona hardening is brought about by fusion of cortical granules to the plasma 
membrane and the release of their contents into the zona pellucida layers (for review see Sun, 
2003). The membrane fusion event is calcium-dependent and is normally triggered by the 
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increase in intracellular calcium initiated by sperm–egg fusion (Kline & Kline, 1992). Upon 
fusion, the sperm triggers a series of calcium oscillations. The initial calcium increase lasts for 
around 5 min and causes the cortical granules to fuse with the plasma membrane and release 
their contents into the zona pellucida layers (Tahara et al., 1996). Proteolytic enzymes target 
sperm binding proteins to prevent further sperm from fertilizing the egg. Zona hardening after 
vitrification and production of fertilized embryos can be overcome by different assisted 
reproduction technologies such as intracytoplasmic sperm injection (ICSI) (Porcu et al., 2000) 
or partial zona dissection.  
In this study, in order to establish a basic system for large-scale preparation of 
fertilized oocyte after vitrification we compared the efficiency of two fertilization methods: 
ICSI and laser zona drilling IVF.   
 
MATERIALS AND METHODS 
 
Reagents and media. All chemicals and media were purchased from Sigma Chemical Co. 
Animals: 
 oocytes donor mice: strain B6D2F1, (female C57BL/6 x male DBA/2) 
 sperm donor mice: CD1 males 
All ICSI micromanipulations were performed by using Narishige micromanipulation 
system installed on Olympus IX 71 inverted microscope and equipped with a Piezo-driven 
system (Prime Tech, Japan). 
To get metaphase II oocytes, females were superovulated with intraperitoneal 
injection of pregnant mare’s serum gonadotrophin (PMSG) and human chorionic 
gonadotrophin (hCG) at specific times.  Metaphase II oocytes were collected 15 hours later by 
rupturing the oviducts of superovulated females using CZB-HEPES medium. The cumulus 
cells were removed by treatment with 0,1% hyaluronidase in CZB-HEPES medium followed 
by three times washing. The oocytes were transferred into a drop of equilibrated culture 
medium (KSOMaa) under mineral oil in a 3.5-cm dish washing once to remove CZB H. The 
oocytes were shared in two groups: one group was used for vitrification and one group for 
control. 
Collection of sperm samples. Mice were killed by cervical dislocation. Both caudal 
epididymides and vas deferent were dissected and placed in 1000 µl of human tubal fluid 
(HTF) medium which was prepared from reagent-grade chemicals (Sigma-Aldrich) The 
caudal epididymides were punctured with a 26 gauge sterile injection needle and the sperm 
cells swim out for 10 min at 37°C and 5% CO2. The sperm cells were capacitated in HTF at 
37°C and 5% CO2 for 1 hour.  
Vitrification. The oocytes were vitrified by the OPS method developed by Vajta et 
al. (1998). Briefly, MII oocytes were exposed to the holding medium (HM) (CZB-H + 20% 
FBS) for 3 min, equilibrated in HM+7% EG +7% DMSO for 15 min and then placed in 2-3 µl 
drop of the vitrification solution (HM+20% EG+16% DMSO+0.5 mM sucrose) for 40 sec. 
The oocytes were then loaded in OPS straws (five oocytes per straw), plunged directly into 
the liquid nitrogen and stored for 7 days. Thawing was done by immersing the tip of OPS 
straw into 1 ml of HM +20% FBS at 37°C for 3 min. The oocytes were directly expelled into 
the medium after the vitrified medium became liquid. The oocytes were transferred into 0.5 M 
sucrose for further rehydration. They were then washed and incubated in HM +20% medium 
for 5 min before further evaluation. 
ICSI procedure. ICSI was performed according to the procedures of Naoko Yoshida 
& Anthony CF Perry (2007).  Briefly, a spermatozoon was repeatedly sucked into an injection 
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pipette from the tail and then ejected. These procedures were repeated to remove the tail at the 
head-midpiece junction (neck) by piezoelectric pulses (PMAS-CT150, PrimeTech LTD, 
Ibaraki, Japan). The spermatozoon head was then injected into the oocytes. The injection was 
performed in HEPES-CZB medium. 
Laser microdissection with XY Clone Laser. The XY Clone Laser Shot System 
(Hamilton Thorne) was used for the microdissection of the zona pellucida. The laser system 
was adapted to the 40X objective of the inverted microscope (Olympus IX 71), and images of 
the oocytes were transmitted by video camera to the monitor system (Fig.1). Using the laser 
shutter a hole of about 7-µm diameter was cut through the zona pellucida of the vitrified 
oocytes. Under visual control, the zona pellucida was partly, but not completely, penetrated.  
 
 
Fig. 1. Zona drilled oocytes with a hole of equal size in the zona pellucida produced by laser beam 
  
In vitro fertilization. Approximately 5-10 µl of the sperm of suspension was dropped 
in the fertilization dish with 20 to 30 oocytes. After four to six hours of incubation, the eggs 
where washed to remove the excess of sperm and they were transferred into a culture dish 
containing KSOM medium. Next morning the normal group exhibiting two pronuclei and a 
second polar body (2PN + PB2) were further cultured in CZB-IVC or KSOM medium.  
Embryos were examined from 24 h up to 120 h to evaluate in vitro development to 
the blastocyst stage. 
 
RESULTS AND DISCUSSIONS 
 
The efficiency of cryopreserving gametes and embryos it is usually assessed by the 
ability of the resultant embryos to develop into blastocyst or full-term offspring. However, in 
the case of mouse oocytes, removal of cumulus cells and the freezing procedure itself often 
cause significant reduction of the fertilization rate. 
To circumvent this obstacle, in this study, we compared the fertilization and embryo 
development efficiency of vitrified-warmed and control fresh oocytes assessed by two 
modern “in vitro” fertilization methods: Intracytoplasmic sperm injection and laser assisted 
IVF and to overcome the incomplete capacitation of spermatozoa and the zona pellucida 
hardening followed vitrification. 
The survival rate of the vitrified oocytes after warming was 88%. From 145 vitrified 
oocytes 116 survived and were used for fertilization by different methods. For the control 
groups we used 200 fresh oocytes. 
The obtained results are shown in the Table 1. 
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  Tab. 1 
Comparative results of ICSI and ZD-IVF fertilization rate 
 
2 cells stage 4 cells stage Morula Blastocyst  Procedure Specification No. of 
oocytes N % N % N % N % 
Fresh 112 105 93.75 A 105 93.75 A 102 91.07A 99 88.39A ZD-IVF 
Vitrified  60 38 63.33 c,A 36 60 c,A 35 58.33 c,A 33 55.00 c,A 
Fresh 88 68 77.27A,b 64 72.73 A,c 61 69.32 A,c 57 64.77 A,c ICSI 
Vitrified  56 37 66.07b,A 34 60.71 b,A 32 57.14 b,A 28 50.00 b,A 
Percentages of fertilized oocytes were calculated based on no. of 2 cells stage embryos 
Chi- square test, A-A p≥0.05, A-a p<0.05, A-b p<0.01, A-c p<0.001 
 
Control versus vitrified group. The data presented in Table 1 shows that the 
fertilization rate was significantly higher for the ZD-IVF control group, compared to the 
vitrified group that was subjected to the same procedure after the oocytes were thawed 
(p<0.001). The fertilization rate and blastocyst formation rate for ZD-IVF control oocyte was 
93.75% respectively 88.39% and 63.33% respectively 55% for the vitrified group. The 
fertilized embryos successfully developed form the 2-cell stage to blastocyst stage and there 
was no difference in the development rate between control and vitrified group. 
In case of ICSI method, similar with ZD-IVF, the control group had significantly 
higher fertilization rates as well as blastocyst formation rates compared with the vitrified 
group: 64.77% respective 50% (p<0.01).  
ZD-IVF versus ICSI. When we compared the two fertilization methods, in case of 
the control groups zona drilled oocytes (ZD-IVF) where fertilized at a rate significantly 
higher compared with the ICSI method 93.75% respectively 77.27%.  
Referring to the vitrified group, interestingly, there was no significant difference 
concerning the fertilization and embryo formation rates between the two fertilization methods 
(p>0.05). Fertilization was achieved in 37 (66%) of the oocytes in ZD-IVF group and 38 
(63%) in ICSI group. The 4 cells stage embryos, morulae and blastocysts developmental rate 
(36±60%, 35±58.5%, 19±53%) in the first group was similar compared to the second group  
(34±60.7%, 32±57.1%, 28±50%).   
 
 
 
Fig. 2. Vitrified oocytes group 
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Fig. 3. Control oocytes group 
 
 
CONCLUSION 
 
In the present study, we showed that early mouse embryos could be successfully 
produced by in vitro fertilization from vitrified oocytes.  
Oocytes vitrified and than thawed developed into blastocysts in vitro following 
fertilization although the rates were slightly or significantly lower than those of fresh oocytes  
Comparing the two methods, ICSI and ZD-IVF, we concluded the following: 
- Both methods are viable and practical techniques with similar efficiency in case of 
vitrified oocytes and the fertilization rate was over 50%. 
- In case of fresh oocytes, laser dissection of mouse oocytes (ZD-IVF method) 
significantly improved the fertilization rate following IVF. 
- Comparing ICSI technique with ZD-IVF, ZD-IVF is a simpler technique, avoiding 
micromanipulation and problems associated with ICSI. Furthermore, the reduced operator 
time allowed numerous oocytes to be treated in a shorter period of time. 
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